Although nuimerous studies have been reported on the virucidal activity of' various substances used as aerosolic mists or in direct contact with the influenza virus, only two studies have been published describing the action of vapors on viruses, so far as the writers are aware. Remlinger and Bailly (1942) showed that when the viruses of rabies, pseudorabies, or eastern equine encephalomyelitis were exposed to the vapors of eucalyptus oil in a static atmosphere at 21 C, these viruses were innocuous when subsequently injected into susceptible animals. Exposure to the vapors for 51 hours to 2 days and 8 hours, the time depending upon the virus used, was required to destroy infectivity. Recently Stone and Burnet (1945) found that vapors of bromine, chlorine, and especially iodine inactivated the influenza virus. When mice were placed in a chamber containing atomized influenza virus and sufficient iodine vapor, the mice did not become infected. This protection was shown to result from inactivation of the virus in the air rather than from a prophylactic or therapeutic action of the vapors on the mice. glycol, since this solvent, when utilized in this manner, did not inhibit growth of the virus. Two of the compounds, as indicated in table 1, were melted and placed on the wick, since a suitable solvent was not found. Although different concentrations of the various test substances were used, this is unimportant in the interpretation of the results because the vapor pressure of a volatile substance remains constant through a considerable range of concentrations.
In all experiments conducted with this apparatus the air flow was arbitrarilv adjusted-o 15mlper second and bubbled through the diluted virus suspension at room temperature for 10 minutes at this rate. Immediately after exposure to the vapors, 0.1 ml of the treated virus was inoculated intra-allantoically into 10-or 11-day fertile eggs, which were incubated at 37 C for 48 hours. Following incubation, the eggs were chilled overnight at 5 C to prevent bleeding, and the undiluted allantoic fluid from each egg was tested for its CCA activity.
On the first trial of a compound each of 10 eggs was inoculated with 0.1 ml of the vapor-treated virus. If the compound exhibited inhibition of CCA activity in the allantoic fluids of several of the eggs, the test was repeated one or more times. In the preliminary work it was observed that the bubbling of air alone through a 10-2 dilution of the virus for 10 minutes at room temperature caused a reduction in the infectivity of the virus. A control 10-2 dilution, held at room temperature for 10 minutes without the bubbling of air through it, showed no reduction in infectivity. If, however, the 10-2 dilution was first chilled at 5 C, no detectable destruction of the virus occurred when air alone (at room temperature) was bubbled through the virus for 10 minutes. When 10-3 or 104 dilutions of the chilled virus were used, inconsistent results in the air controls were obtained; and hence all tests reported in this paper were made with the 10-2 virus dilution. Nevertheless, to detect any significant inactivation of the virus caused by the air itself, an air control was included in each day's tests. Table 1 indicates the compounds that have been tested and their action on the influenza A virus. It will be noted that the compounds which consistently produced 100 per cent inactivation of the virus were a-naphthyl isocyanate, ,8-naphthyl isocyanate, phenyl isocyanate, and p-nitrobenzoyl chloride. Oxyquinoline, thiourea, oil of nutmeg, and oil of mustard showed only a slight degree of inhibition.
It is important to note here that the lack of CCA activity in the first egg passage does not necessarily constitute unequivocal evidence that the virus has been destroyed by some experimental procedure, for Ziegler, Lavin, and Horsfall (1944) In vivo tests. Since the in vitro tests were so conclusive in demonstrating the inactivation of the influenza virus by four of the compounds tested, it was considered of interest to determine whether any of these compounds would be therapeutically effective in treating mice infected with the influenza virus. Mice were therefore inoculated intranasally with 0.05 ml of PR8 mouse lung virus diluted 10-3 and 104. They were then placed in large glass desiccators with openings to permit the entrance and exit of vapors.
Vapor treatment of the mice was effected by bubbling air at the rate of approximately 5 ml per second through undiluted a-naphthyl isocyanate and passing the vapor-laden air simultaneously into desiccators containing infected and uninfected mice. Various treatment periods were used, the maximum being 8-hour periods for 7 days. Uninfected control mice given this treatment exhibited no apparent toxic effects. However, both the infected treated and the infected untreated mice usually died between the fifth and seventh day after inoculation, and the animals killed and autopsied did not reveal any significant difference between the treated and the untreated groups in the extent or degree of lung consolidation. It was therefore concluded that although the vapors of a-naphthyl isocyanate were relatively nontoxic, they were without demonstrable therapeutic effect on mice infected with influenza A virus. The other three compounds shown to be highly virucidal in vitro were not tested in vivo because a satisfactory solvent was not found for ,B-naphthyl isocyanate and pnitrobenzoyl chloride, and phenyl isocyanate was a strong lachrymator.
DISCUSSION
On the basis of our first studies we adopted the hypothesis that compounds which were known to react with amino acids might also prove virucidal. It may therefore be significant that, of the 48 compounds tested, the four that were most effective in destroying the virus have a common characteristic of reacting readily with amino acids. It is obvious, however, from our results, that there are compounds which react with amino acids but do not inactivate the influenza virus. Tenbroeck and Herriott (1946) also found that reagents known to react with amino, tyrosine phenol, or SH groups of proteins did not, in some cases, completely inactivate the viruses tested. These workers implied that the wellknown virucidal action of formaldehyde is primarily due to its reactivity with amino groups of proteins, though it also attacks other radicals. They reported that mustard (Cl-CHr--CH2)2-S, which reacts with proteins, inactivated several viruses without destroying their antigenic value as vaccines. It is possible that some of the virucidal compounds described in this paper might be used for a similar purpose.
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